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Anesthesia techniques for 
carotid endarterectomy
ABSTRACT
Stroke is one of the leading causes of death in the modern countries. Mainstay treatment for stroke prevention is carotid 
endarterectomy (CEA). Patients scheduled for surgery often have many associate systemic illnesses that pose a risk of peri-
operative cardiac and neurological complications. Detailed preoperative evaluation of neurological and cardiac function 
with optimization of the systemic illnesses therapy is obligatory. Ideal anesthesiology technique should provide adequate 
analgesia, minimal stress response, optimal brain perfusion and oxygenation, optimal hemodynamic and myocardial oxygen 
balance while assuring calm and relaxed patients with good surgical comfort. Both regional anesthesia and general ane-
sthesia have some advantages and drawbacks. Regarding to cerebral and myocardial ischemia and adverse outcome after 
CEA, especially in high risk patients, today still it is not clear which anesthesia technique is preferred for CEA. Greatest risk 
in the early postoperative period is new neurological deficit caused by cerebral ischemia end myocardial infarction caused 
with hemodynamic instability and therefore CEA patients are placed in the Intensive Care Unit for at least six or more hours 
where they are monitored for neurological and hemodynamic complications.
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Introduction
Stroke is one of the leading causes 
of death in modern countries. (1) It is 
caused by carotid artery stenosis with 
atherosclerotic plaque or atheroma 
embolization. The mainstay of trea-
tment for stroke prevention is carotid 
endarterectomy (CEA). It is indicated 
in symptomatic patients with carotid 
artery stenosis > 70%, in symptomatic 
patients with stenosis 50-69% and in 
asymptomatic patients with stenosis > 
70% if the preoperative risk is accepta-
ble. Although CEA is a preventive pro-
cedure, perioperative mortality is rela-
tively high, about 5 %.  The main risks 
are cerebral and myocardial ischemia. 
Cerebral ischemia may occur during 
temporary clamping of the common 
carotid artery (while the artery is opened 
for atherosclerotic plaque removal) pro-
ducing hypoperfusion, if the collateral 
blood flow is inadequate.  Prevention 
of cerebral ischemia is possible with 
shunt placement in the carotid artery. 
However, surgical manipulation during 
shunt placement can cause emboliza-
tion, damage of the vessel and also 
produce cerebral ischemia. Patients 
with carotid artery disease often have 
generalized atherosclerosis that pose 
a risk for myocardial ischemia caused 
by hemodynamic instability during sur-
gery. Although local anesthesia was 
predominant at the beginning of CEA, 
general and regional techniques are 
better options because of patient com-
fort. (2) In view of the risks of cerebral 
and myocardial ischemia and other 
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adverse outcomes after CEA, espe-
cially in high risk patients, it is still not 
clear today which anesthesia technique 
is preferred for CEA. (3,4)
Preoperative evaluation
Patients scheduled for CEA often have 
many associated systemic illnesses, 
like atherosclerosis, arterial hyperten-
sion and diabetes mellitus that pose a 
risk for perioperative cardiac and neu-
rological complications. Detailed preo-
perative evaluation of neurological and 
cardiac function with optimization of 
therapy for systemic illnesses is obliga-
tory.  Neurological evaluation includes 
neurological exam with evaluation of 
prior neurological deficits and collateral 
cerebral circulation.  (3) If the patient 
already suffered a stroke, it is likely 
that the collateral cerebral circulation 
is inadequate and that intraoperative 
cerebral ischemia, during clamping of 
the carotid artery, may occur. In such 
cases, intraoperative placement of a 
shunt, with the advantages of general 
anesthesia and control of oxygenation 
and hemodynamics, should be pla-
nned. Patients with preoperative hyper-
tension and diastolic pressure higher 
than 110 mmHg have more frequent 
neurological and cardiac complica-
tions. Perioperative normalization of 
blood pressure values is recommen-
ded, and patients with blood pressure 
values higher then 180/110 mmHg sho-
uld be postponed until normalization of 
blood pressure. Evaluation of coronary 
artery disease should be done accor-
ding to the guidelines of the American 
society of cardiologists for preoperative 
evaluation of cardiac patients schedu-
led for noncardiac surgery. Diabetes, 
especially its late complications such 
as neuropathy and impairment of renal 
function, could cause hemodynamic 
instability and difficulties with periope-
rative volume evaluation and optimiza-
tion. Hyperglycemia worsens cerebral 
ischemic injury and tight perioperative 
glycemia control is mandatory.  
Monitoring
Routine hemodynamic monitoring 
includes electrocardiography (ECG) 
with II and V5 leads and invasive arte-
rial pressure. Patients with impaired 
cardiac function should have a pul-
monary artery catheter or some other 
type of hemodynamic monitoring such 
as PICCO or LIDCO. (4) Monitoring of 
cerebral ischemia is of utmost impor-
tance for avoiding serious neurological 
complications. If cerebral ischemia is 
detected after clamping of the carotid 
artery, the surgeon and anesthesio-
logist have several maneuvers to reli-
eve it completely (eg. by declamping 
the artery, increasing arterial pressure, 
increasing oxygenation etc), thus avoi-
ding any unwanted outcomes. The best 
way to monitor cerebral ischemia is 
controversial. All instrumental monito-
ring methods (table 1) that detect per-
fusion or electric activity of the brain are 
nonspecific. Cerebral blood flow mainly 
depends on vascular autoregulation 
and brain oxygenation and is very com-
plex and multifactorial. To avoid cere-
bral ischemia during iatrogenic occlu-
sion of the carotid artery it is crucial to 
correctly estimate collateral circulation 
and preserved cerebrovascular auto-
regulation, that is heavily influenced by 
general anesthesia.
During occlusion of the carotid artery, 
surgeons traditionally demand iatro-
genic hypertension although only one 
third of postoperative cerebral ische-
mia is caused by hypoperfusion. (4) 
On the other hand embolization during 
surgical manipulation and shunt place-
ment is the main cause of postopera-
tive cerebral ischemia in two thirds of 
patients. Hypertension itself is not har-
mless. Higher levels of blood pressure 
increase myocardial oxygen demand 
and increase risk of myocardial infarc-
tion. Hypoperfusion of the brain with 
the shut down autoregulation done by 
general anesthesia can produce higher 
perfusion of the dilated vessels while 
lowering the perfusion even more in 
the vasoconstricted vessels producing 
cerebral ischemia and also producing 
hemorrhagia in the suddenly well per-
fused brain without the capability of 
autoregulation. Brain oxygen balance 
is a dynamic process influenced by 
many factors such as cerebral vascu-
lar anatomy, surgery and anesthesia, 
temperature changes, pH changes, 
blood viscosity and flow changes that 
interact with one another making exact 
monitoring of  brain ischemia difficult. 
Thus, correct prediction of neurological 
complications with monitoring methods 
is not possible. The best method of fun-
ctional brain monitoring is to keep the 
patient awake during regional anesthe-
sia. Monitoring of cerebral ischemia is 
done with verbal communication thro-
ugh the assessment of patient’s ability 
to squeeze a ball with the contra lateral 
arm from the operation site during the 
clamping of the carotid artery. (5)
Anesthesia techniques
An ideal anesthesiology technique 
should provide adequate analgesia, 
minimal stress response, optimal 
brain perfusion and oxygenation, opti-
mal hemodynamic and myocardial 
oxygen balance while assuring calm 
and relaxed patients with good surgi-
cal comfort. (5) The type of anesthesia 
depends on the competence and pre-
Table 1. The techniques used for neurological monitoring during carotid 
endarterectomy. 
Electroencephalography (EEG)
Transcranical Doppler Ultrasound (TCD)
Carotid Stump Pressure (SP)
Somatosensory Evoked Potential (SSEP)
Cerebral Oxymetry (rSO2)
Jugular Oxygen Saturation (SjO2)
Conjunctival Oxygen Tension (pcjO2)
Cerebral Blood Flow Measurement with ¹³³Xe
Locoregional Anesthesia (LRA)
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disposition of the surgeon and anes-
thesiologist as well as the cooperation 
and capability of the patients. (5) Gen-
eral anesthesia is recommended for 
patients with a history of prior cerebral 
strokes, if the brain collateral circula-
tion is inadequate and for patients with 
distal stenosis of the carotid artery due 
to complicated surgical technique.  (6) 
Patients can also refuse regional anes-
thesia and one of the indications for 
general anesthesia is an uncooperative 
patient. During general anesthesia, a 
balanced technique is used. For induc-
tion, all standard intravenous agents 
can be used except thiopental because 
of its possible negative inotropic effect. 
Inhalation agents are used for mainte-
nance of anesthesia.  Advantages of 
general anesthesia include mechanical 
ventilation with controlled oxygenation 
and carbon dioxide (CO2) levels, con-
trolled hemodynamics and good surgi-
cal conditions. Some anesthetic agents 
have a favorable effect on the oxygen 
balance in the brain and in the heart, 
theoretically preventing hypoxic injury. 
Protective effects are due to decreased 
metabolism rate, stress response and 
anesthetic intrinsic action. As neuropro-
tective agents, thiopental and propofol 
are especially effective. Inhalational 
anesthetic agents also decrease oxy-
gen demand but on the other hand 
increase perfusion and intracranial 
pressure. Isofluran and sevorane have 
the best neuroprotective effect. Opi-
oids have an indirect effect on oxy-
gen balance by decreasing the stress 
response. Muscle relaxants decrease 
oxygen consumption in the muscles 
providing more oxygen to other tissues. 
Disadvantages of general anesthesia 
include inability of reliable neuromoni-
toring and more frequent placement of 
shunts which carries a greater risk for 
embolization. Cerebral perfusion pres-
sure is well autoregulated regardless of 
the mean arterial pressure, in the range 
50 – 140 mmHg, while depending on 
arterial perfusion pressure above and 
below that range. All anesthetic drugs 
down regulate cerebral perfusion auto-
regulation leading to greater correlation 
of cerebral perfusion pressure with arte-
rial pressure. Decreased sympathetic 
activity during general anesthesia can 
produce severe hypotension especially 
in patients with generalized athero-
sclerosis and decreased autonomic 
response. Surgical manipulation of the 
carotid baroreceptors also can produce 
hypotension and severe bradycardia. 
On the other hand general anesthe-
sia decreases brain oxygen demand 
by protecting the brain from ischemia 
during hypoperfusion. Exact, safe 
lower and higher levels of arterial pres-
sure are hard to define. An additional 
drawback of general anesthesia is the 
risk of delayed emergence caused by 
temporary cerebral hypoperfusion and 
decreased metabolism of anesthetic 
drugs during hypotensive episodes. 
(6) Successful regional anesthesia 
demands cooperation between sur-
geon, anesthesiologist and the patient. 
Regional techniques must create a 
block of the cervical nerve roots from 
C2 to C4. Types of regional techniques 
include superficial and profound blocks 
of the cervical plexus, cervical epidural 
anesthesia and local anesthesia. (7) 
Cervical epidural anesthesia is seldom 
used because of possible adverse 
effects. Local anesthesia can lead to 
bad surgical conditions because of the 
patient’s discomfort. (8) Traditionally, 
regional anesthesia is carried out as 
a combined superficial and profound 
block. Recently, a third type of regional 
anesthesia was described: an interme-
diate block as a sole technique.  Drugs 
for regional anesthesia include bupiva-
caine, chirocaine and ropivacaine in the 
concentrations form 0,375 to 0, 5 % with 
2 ml of epinephrine in concentration 
1:200 000. Superficial cervical block is a 
simple procedure with a low incidence 
of complications. (9) Patients are lying 
flat with the head turned away from 
the operation side. For anxiety relief 
a bolus dose of opioids can be used. 
After sterile washing and preparing of 
the operative field, the posterior bor-
der of the sternocleidomastoid muscle 
is identified asking the patients to lift 
the head while looking to the opposite 
side. Then 5 ml of a local anesthetic are 
injected with a 22 gauge needle at the 
height of the cricoid cartilage directly 
perpendicular to the skin and 5ml more 
superiorly and inferiorly along the bor-
der of the sternocleidomastoid muscle. 
Depth of injected local anesthetics is 
1, 5 cm subcutaneously. A superficial 
block alone is seldom sufficient for CEA 
so it is often complemented with a pro-
found block. Profound cervical block is 
more demanding with the possibility of 
serious complications but assures bet-
ter anesthesia quality. Patient position 
is the same as for the superficial block. 
Before sterile drapes are placed, a line 
is drawn along the posterior border of 
the sternocleidomastoid muscle that 
connects the Chassaignac tuberculum 
of the transverse process of the C2 
vertebrae and the mastoid. After that, 
another line is drawn 1 cm posterior 
and parallel with the first one. (10) The 
cervical plexus is blocked when the 
nerve roots pass along the transverse 
process. Identification of the transverse 
process of the C2-C4 vertebrae is made 
1-2 cm below the mastoid process with 
a 1-1, 5 cm distance between them 
along the second line. Local anesthetic 
is administered at the identified places 
with a 22 gauge, 5 cm long needle 
to a depth of 3 cm. Patients should 
feel paresthesia with the injection after 
which 10-12 ml of a local anesthetic is 
injected at the C2, C3 and C4 levels or 
only at the C2 and C3 levels. Profound 
cervical block blocks n.phrenicus so 
bilateral block is contraindicated.  Com-
plications of the profound block include 
adherent intravascular injection.  The 
risk is greater in superficial and interme-
diate block and complication that can 
occur is high spinal anesthesia, with 
cardiovascular collapse and respira-
tory insufficiency. Intermediate block is 
the same as superficial block but the 
depth of  needle insertion is about 2-2, 
5 cm and a larger volume of local anes-
thetic is injected, about 10 ml every 
time. Intermediate block has very good 
anesthetic quality with a low incidence 
of complications. Seldom, regional 
cervical blocks are supplemented with 
local anesthetic, infiltrated between the 
jugulum and the thyroid cartilage and 
superficially below the mandible to pre-
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vent sensation during skin retraction 
intraoperately due to crossover innerva-
tion of that area with the contralateral 
cervical plexus.
Advantages of the regional anesthesia 
technique are functional neuromoni-
toring and good hemodynamic stabil-
ity. (11) During regional anesthesia, 
autoregulation of brain circulation is 
maintained providing physiologi-
cal distribution of blood flow during 
hypoperfusion periods that preserve 
oxygen balance. Disadvantages of 
regional anesthesia include possibili-
ties of local anesthetic adverse effects, 
difficult airway control in the case of 
unsuspected cardiorespiratory arrest 
during clamping of the carotid artery, 
lack of the anesthetic’s neuroprotec-
tive effects and surgeon’s discom-
fort. A few small studies have shown 
that patients with regional anesthe-
sia scheduled for CEA have a lower 
incidence of cerebral and myocardial 
ischemia with shorter hospital stay 
and lower costs. (12) A recent meta-
analysis, that compared general and 
regional anesthesia for CEA, found 
no statistically significant difference 
between regional and general in the 
number of perioperative neurologi-
cal and myocardial complications and 
death during the first 30 postoperative 
days. However, in the same study the 
risk of stroke seemed higher during 
general anaesthesia than under regi-
onal anaesthesia in patients with con-
tralateral-carotid occlusion although 
this was not statistically significant. 
(12) Those findings could be explai-
ned by  better neurological monitoring, 
avoidance of routine shunt placement, 
and better hemodynamic stability dur-
ing regional anesthesia. Clear ben-
efit of one over the other anesthesia 
technique may be lacking because of 
modern monitored general anesthe-
sia, the use of potent vasoactive drugs 
and maybe from excluding high risk 
patients in whom differences may be 
more obvious. 
Postoperative treatment
The greatest risk in the early postopera-
tive period is that of a new neurological 
deficit caused by cerebral ischemia or 
myocardial infarction associated with 
hemodynamic instability. Postoperative 
hypertension may be a result of caro-
tid baroreceptor trauma and it is more 
prominent in patients with preoperative 
hypertension. Hyperperfusion of the 
brain after CEA on the operated side 
could lead to hyperperfusion syndro-
me. Hyperperfusion syndrome could be 
severe leading to serious complications 
including: anxiety, headache, convulsi-
on, and intracranial hemorrhage with 
coma and death.  Risk of hyperperfu-
sion is especially high in patients with 
hypertension and with no preserved 
cerebrovascular autoregulation after 
general anesthesia. Some patients 
develop postoperative hypotension 
that is caused by increased perfusion 
of the brain with reflex hypotension and 
bradycardia. Hypotension also can be 
caused by absorption of large doses 
of local anesthetics. After CEA pati-
ents are placed in the Intensive Care 
Unit (ICU) for 6 or more hours where 
they are monitored for neurological and 
hemodynamic complications. Recom-
mended values of postoperative blood 
pressure are up to 30% lower or higher 
than preoperative values. Postoperati-
ve analgesia is maintained with opioids 
and paracetamol while hemodynamic 
stability is maintained with a continuous 
infusion of vasoactive drugs. Patients 
that undergo regional anesthesia have 
better hemodynamic stability with better 
postoperative analgesia. Hemodyna-
mic disturbances can occur up from 
4 to 24 hours postoperatively after the 
patients are sent to the wards.
